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ABSTRACT

Near miss data collected via confidential reports and follow-up interviews in a hospital pharmacy (31 events) and a chemical plant (50 events) was used to compare the processes followed to detect and further recover from failures. The comparison focused on organizational provisions supporting recovery. In the pharmacy, planned checks played a major role in detecting things going wrong, and most further recovery actions were also covered by procedures. In contrast, recovery in the chemical plant involved more non-prescribed actions. Findings are interpreted in light of organizational characteristics. Guidance is given regarding how recovery might be better supported in both domains and how the effect of such improvements might be measured.
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INTRODUCTION

Even though near misses are caused by the same underlying failure factors as accidents, a vital difference between them is that, in the case of a near miss, negative consequences have been avoided (Van der Schaaf, Lucas, & Hale, 1991). This may happen by coincidence, but most often it happens through a timely detection that something is wrong, as a first step towards recovery, followed by timely and effective further recovery actions. 

Research into recovery that has been performed so far covers a variety of work environments or tasks. Examples include aviation (e.g. Wioland & Amalberti, 1998; Helmreich, Merritt, & Wilhelm, 1999; Sarter & Alexander, 2000), air traffic control (e.g. Bove & Andersen, 2001), process industry (e.g. Duncan, 1987; Kanse & Van der Schaaf, 2001; Kanse, 2004), human-computer interaction (e.g. Bagnara, Ferrante, Rizzo, & Stablum, 1988; Frese, 1991; Rizzo, Ferrante, & Bagnara, 1995), and health care (e.g. Edmondson, 1996; Van der Schaaf, 1996; Van Vuuren & Kanse, 2003).

Researchers who have studied recovery seem to agree that there are three main types of steps or phases involved in the process people follow to recover from failures (e.g. Bagnara et al., 1988; Van der Schaaf, 1988; Frese, 1991; Zapf & Reason, 1994; Rizzo et al., 1995; Kontogiannis, 1999; Kanse & Van der Schaaf, 2001; Kanse, 2004). First, there is the detection of the (combination of) failures that have occurred, or at least the immediately resulting deviation or problem. This is followed by any combination of explanation of the problem and its causes and countermeasures aimed at returning to the normal situation or at least limiting the consequences, including recurrences, or even entirely skipping one or both of these last two phases. Figure 1 contains a model of the recovery process, presenting the three phases, and possible transitions between them, as indicated by arrows. Links are also made to the chain of events preceding (and necessitating) a recovery process and the outcomes or end result of the process.
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Figure 1. Recovery process model

Multiple persons can be involved in a recovery process. For example, the person detecting an error may not be the same person as the one who made the error in the first place (Doireau, Wioland, & Amalberti, 1997). Furthermore, circumstances at any time during the recovery process may necessitate the involvement of other people than those involved until then (Kanse, 2004). The model presented in figure 1 applies both to individual and group recovery efforts.

Taking an organizational perspective at the behavior of people involved in a recovery process, Kanse and Van der Schaaf (see Kanse & Van der Schaaf, 2001; Kanse, 2004) have distinguished between planned and unplanned recovery steps. Planned recovery steps involve the activation of defenses or barriers that are built into the organization to avoid negative consequences (Hollnagel, 1999; Svenson, 2001). Examples of barriers or defenses are automatic safety controls, or procedures to follow under certain conditions. Such procedures can either be formally documented rules or work instructions, or unwritten but approved and generally followed work practices that people learn on the job or via specific training. Unplanned recovery steps are usually more ad-hoc and depend on the creative problem solving abilities of the people involved. Even though a person who performs such unplanned recovery steps may have performed the steps before and may have devised a plan for what to do, as long as these steps are not a standard practice and are not known to everyone in the same job, the steps qualify as unplanned behavior.

During the last decades, an increasing number of organizations in high-risk domains have started to collect data on the near misses that happen in their processes, via confidential near miss reporting systems. By doing so, these organizations aim to increase their learning potential with regard to the failure factors they face, especially when the frequency of actual accidents occurring is very low. They implement preventive measures based on insight into the dominant failure factors. 

So far, the potential to learn more about the recovery side of near misses has largely been ignored by these organizations (Kanse, 2004). Furthermore, to date, hardly any scientific studies have been performed in which data collected via existing near miss reporting systems was used to analyze recovery. Studies performed in air traffic control by Bove (2002) and Bove and Andersen (2001), and in chemical plants by Kanse (2004) and Kanse and Van der Schaaf (2001) are among the exceptions we know of, and have inspired this contribution. Also, most research on recovery has been limited to one domain per study and not many parallels have been drawn between different domains. This contribution is an attempt to start filling this gap, by comparing recovery processes between the domains of health care and chemical process industry, using data collected via near miss reporting systems. Based on the distinction made earlier between planned and unplanned recovery, we focused this comparison on organizational provisions supporting recovery. Our main research question was: what is the difference between recovery in the health care domain and the chemical industry with regard to the extent to which the various recovery process phases are planned by the organization? Interpretation of the insights gained via answering this question in light of domain-specific characteristics will provide clues as to how recovery processes in both domains might be better supported, thus increasing the chance of successful recovery and therefore overall safety and reliability.

The next section contains brief descriptions of the hospital pharmacy and the chemical plant where the data was collected. After that, we address the process of data collection and the description and coding of the near misses for further analysis. Then, we use the results to answer our research question. We conclude with guidelines for both organizations as well as for other organizations not involved in our studies, on how to improve their recovery processes, along with some guidance as to how such improvements might be evaluated.

ORGANIZATIONAL CONTEXT

A study performed in a hospital pharmacy provided near miss data from the health care domain. This pharmacy formed part of a large hospital in the Netherlands. The pharmacy’s main responsibilities were to prepare and provide on-demand medication to the various hospital wards, including chemotherapy medication, and to maintain local general medication stock levels in hospital wards. The procedures that were in place to fulfill these responsibilities were quite elaborate. They required the involvement of several pharmacy employees at various stages, ranging from senior pharmacists to junior pharmacists and pharmacy assistants. Some of these stages were supported by computer systems. Several stages involved checking for potential errors, to make sure the right medication would be available at the right time for all hospital patients. Pharmacy employees worked normal office hours. Outside these hours there was always a pharmacist on call, in case the pharmacy’s services were needed urgently. A confidential and voluntary near miss reporting system had been established in the pharmacy one and a half year before the start of our study. As the number of near misses reported had decreased substantially after the person responsible for maintaining the system had left, one of the authors revived the reporting system (Vrijland, 2004).

A study performed in a chemical process plant in the Netherlands (Kanse & Van der Schaaf, 2001; Kanse, 2004) provided near miss data from the chemical industry. This plant’s main products were plastics, synthetics and foams, used in packaging materials, coatings, furniture, cosmetics, automotive parts, et cetera. The plant had two interconnected subsections, each with their own processes and installations. Each subsection had its own control room, where teams of operators controlled the production process assisted by process control computer systems. Not all tasks could be performed remotely; responsibilities were distributed between control room operators and field operators. As many tasks involved contributions from both types of operators, they were in constant communication via radio. The operators worked in shifts to allow continuous operations, while other employees mainly worked during standard office hours. A confidential and voluntary near miss reporting system for all employees and contractors had successfully been established in this plant and had been operational for seven years at the time of our study. 

METHOD

In both studies, near misses reported to the existing reporting system were used as the basis for data collection. To overcome the general lack of information in these reports regarding the recovery part of the near misses, we held confidential follow-up interviews with those involved in the events. In the pharmacy, all of the near misses reported within a six-week period were followed up with interviews, providing a total of 31 events we could use to answer our research question. At the chemical plant, all of the near misses reported within a three-and-a-half-week period were followed up with interviews, providing an additional 50 events.

Based on the information obtained in the interviews, the cognitive processes and actions involved in the recovery part of these near misses were described in chronological order in terms of what happened, who were involved, and the extent to which this was supported by organizational provisions. Based on their goals, all recovery steps taken were assigned as belonging to either the detection, the explanation, or countermeasures phase. Each of the applicable phases of every near miss was then coded as involving either only steps planned by the organization, or steps that were not prescribed or planned to the letter by the organization, but decided on by those involved, based on their general knowledge, experience and so on. In events where more steps were performed that belonged to the same phase, that is, several steps aimed at explanation, or several steps as countermeasures, only one overall code was assigned to that phase. The information needed to decide on the appropriate coding was obtained directly from those involved, when they were interviewed. The interviewee’s claims regarding the extent to which a recovery step was planned by the organization were also verified by cross-checking with procedure manuals, by comparing these claims with information obtained for similar near misses, and by asking coworkers, trainers, or supervisors, while maintaining the confidential nature of the interviews. 

A strictly black-and-white approach was used for coding the recovery process phases from the hospital pharmacy near misses: they were either deemed planned, or unplanned by the organization. The data collected on the recovery processes involved in the chemical plant near misses contained more detail: for example, generally more separate steps were distinguished per process phase. This allowed the inclusion of an additional category to code for regarding the extent to which organizational provisions supported a recovery process phase. Next to a phase either being strictly planned or unplanned from the organization’s perspective, we included a category for phases that included a mixture of both planned and unplanned recovery steps.

RESULTS & DISCUSSION

Table 1 shows the distribution for each study of the different recovery process phases that occurred in the collected near misses across the categories planned, unplanned, and both types combined. The categories ‘N/A’ contain the number of near misses in which either no explanation phase or no countermeasures phase occurred. Table 2 contains examples from both studies for the different types of recovery process phases. 

Table 1. Numbers of planned, unplanned, and combined type of recovery process phase for both studies (and percentages of total number of near misses analyzed in study)

	phase
	type
	# in hospital pharmacy (% of all events)
	# in chemical plant (% of all events)

	D
	planned
	23
	(74.2%)
	11
	(22%)

	
	unplanned
	8
	(25.8%)
	21
	(42%)

	
	both
	-
	-
	18
	(36%)

	E
	planned
	2
	(6.5%)
	0
	(0%)

	
	unplanned
	0
	(0%)
	25
	(50%)

	
	both
	-
	-
	12
	(24%)

	
	N/A
	29
	(93.5%)
	13
	(26%)

	C
	planned
	29
	(93.5%)
	12
	(24%)

	
	unplanned
	2
	(6.5%)
	2
	(4%)

	
	both
	-
	-
	35
	(70%)

	
	N/A
	0
	(0%)
	1
	(2%)


D=detection; E= explanation; C=countermeasures
As can be seen from table 1, the contribution of unplanned steps towards recovery, either in combination with planned steps or without, was much larger in the chemical plant’s near misses than in the hospital pharmacy, especially in the explanation and countermeasures phase. Also, the proportion of near misses where any effort was spent on explaining what had gone wrong was much larger in the chemical plant than in the pharmacy.

Table 2. Examples for different types of recovery process phases from both studies

	phase
	type
	example from hospital pharmacy

	D
	planned
	during planned check senior pharmacist detects wrong administration form indicated in protocol

	
	un-planned
	based on ward knowledge junior pharmacist detects medication has incorrectly been indicated the day before as available in local stock

	E
	planned
	junior pharmacists traces back all steps performed so far during preparation to find a suspected error

	
	un-planned
	-

	C
	planned
	pharmacy employees following standard procedures to prepare required medication to replace missing or wrong medication

	
	un-planned
	junior pharmacist retrieving required medication from other ward

	phase
	type
	example from chemical plant

	D
	planned
	process control software alerts operator that a process variable is outside safety critical limits

	
	un-planned
	field operator smells a product leakage when walking across plant

	
	both
	during refresher training operator notices that the available emergency shutdown manual is incomplete

	E
	planned
	-

	
	un-planned
	operator who detected that timer referred to in procedure is not installed on pump contacts engineers to find out what caused this and why

	
	both
	control room operator uses process control computer at his disposal to trace all potential causes he can think of for a failing flow controller 

	C
	planned
	following standard procedure, a field operator labels and repositions a half-empty but still sealed compressed air tank that was supposed to be full for return to supplier for inspection 

	
	un-planned
	ship loading operator finds alternative gangway at neighbor plant for ship too high for normal gangway

	
	both
	instrumentation engineers use available tools to fix novel problem


D=detection; E= explanation; C=countermeasures

Our studies also indicated that when the detection was unplanned, this did not necessarily mean that the rest of the recovery steps had to be unplanned as well. In fact, only one case from the hospital pharmacy and two from the chemical plant involved exclusively unplanned recovery steps for the entire recovery process. Standard corrections were often applicable even for problems detected in an unplanned manner. Furthermore, in several cases (one in the pharmacy and 10 in the chemical plant) one or more unplanned further recovery steps followed planned detection, for example when standard solutions proved inapplicable or unavailable and people had to resort to creative, unplanned problem solving for at least part of the recovery process.

The identified differences between the two studies can be explained in terms of organizational characteristics. The medication preparation processes for which the hospital pharmacy is responsible depend to a very large extent on human action. The majority of problems that have to be dealt with in these processes are the result of not following prescribed procedures or protocols. Such errors, if unrecovered, can easily and quickly lead to harm to (or even the death of) the hospital patients who depend on the right medication being available to them at the right time. With this thought in mind, procedures in the pharmacy put a very strong emphasis on timely detection, by building in various checks at several stages during medication preparation. Even if the first or first few of these checks fail to pick up a problem, which is not uncommon in the pharmacy, usually the problem is detected in another planned check at a later stage (see Vrijland, 2004; Kanse, Van der Schaaf, Vrijland, & Van Mierlo, 2005). The checks are made by comparing preparations against documented protocols, or by using other information available in the pharmacy’s procedure books or computer system or on request forms. Given that there are so many different medicines and often even various forms of administration possible for one kind of medicine, the pharmacy cannot afford to depend on their employees’ memory alone in performing these checks. If people detect that something is not right, the applicable countermeasures are again mostly guided by standard protocols, both to get rid of any incorrect medication and to prepare the right medication.

Even though the production processes in the chemical plant also require human involvement – they are after all controlled by human operators – because of the important role of technical installations and equipment in these processes, things can go wrong as a result of a variety of failures other than people making errors in following procedures. Furthermore, it is impossible to foresee all potential failures and problems and to document how these can be detected and further recovered in procedures. Nevertheless, the plant has procedures covering a substantial number of checks as well as how to respond to the more common problems or deviations. However, the exact form such problems eventually take may require those who have to respond to them to adapt existing procedures, or use existing tools or equipment in non-prescribed ways. For such problems, and problems not covered at all by procedures, the organization depends on their employees to use their general process knowledge and experience to realize that there is a problem, to decide what should be done, and act on this decision.

Part of the explanation for the apparent lack of need for efforts aimed at explanation in the hospital pharmacy near misses may lie in the nature of the problems most commonly encountered there. As was pointed out before, the majority of problems in the pharmacy are the result of not following procedures – a direct cause that is immediately obvious when a mismatch with a procedure is encountered while checking a preparation. Furthermore, the pharmacy also has standard protocols how to respond to most problems, which can be applied without having performed an in-depth analysis of the problem’s causes first. On the other hand, in many near misses in the chemical plant, people needed to find out more about the problem they were facing before they could decide on the appropriate countermeasures.

CONCLUSIONS

The differences between the pharmacy and the chemical plant in organizational characteristics and their respective emphasis on planned and unplanned recovery steps yield some valuable lessons they can learn from each other with regard to recovery. First of all, we would like to emphasize the importance of investing in employees’ general process and product knowledge. Even if many problems can be foreseen, such as in the pharmacy, there will always be unforeseen problems which can also lead to serious consequences if they are not detected and dealt with in a timely and effective manner. Many of the near misses collected in the chemical plant have demonstrated people’s ability to use their general process and product knowledge, combined with experience, both for the detection and further recovery of such problems. 
Having procedures for almost everything may lead to a false sense of security, a sense of being prepared for all eventualities, which may lead to people not being ready to use their own problem detection and solving abilities when this is needed. On the other hand, having procedures in place for especially the countermeasures phase has been found to speed up this phase (Kanse, 2004), which can be very beneficial for those failures that can lead to negative consequences quickly. Organizations have to find the right balance between depending on procedures versus depending on people using their thinking abilities.
Another issue is that if people feel there are too many procedures, or unnecessary steps in them, they may not follow all procedures to the letter and even skip parts. An attitude of ‘someone else will again check this after I am done’ should be avoided, especially as late detection has found to be associated with more remaining consequences (delays, costs, efforts, and so on) after completing the recovery process (Kanse, 2004). Investing in general product and process knowledge can also be helpful for making employees understand the seriousness of possible consequences of not detecting that something has gone wrong, and hence the need for certain checks, as part of new or existing procedures.
Regarding the efforts spent on finding an explanation for the problem involved in a near miss, many of the explanation steps in the chemical plant were performed after the situation had already been returned to normal or at least been stabilized. This did not only confirm that after detection various routes through the recovery process model of figure 1 are possible, but also demonstrated that later explanation phases can be worthwhile for an organization, too. Even though insight gained via such efforts might not be needed for further recovery, it still provides an opportunity to learn more about the factors that caused things to go wrong. Such insight can be used as a basis for measures to prevent recurrence – which is something the pharmacy should take into consideration.
During our studies we found that the existing near miss reporting systems in both organizations did not collect much information on the recovery processes involved in the near misses. However, focusing on recovery provides alternative ways to improve organizational safety and reliability, next to the predominant approach of focusing on failure prevention (e.g. Frese, 1991; Van der Schaaf & Kanse, 2000; Kanse & Van der Schaaf, 2001; IOM, 2004). As this means a shift towards more positive aspects of incidents than the factors that caused things to go wrong, it may even help to overcome barriers to reporting (Van der Schaaf & Kanse, 2004). In our studies we found that, where needed, this argument helped to convince people to contribute to the reporting system. Our recommendation therefore is to also record what steps are performed when and by whom during recovery processes, and how and why this was possible. To gain insight in the reasons why some recoveries are unsuccessful, the reports should also contain information on missed or failed recovery opportunities.

Coding the collected information on various aspects of the recovery process facilitates comparison between single recovery processes and between different organizations. The methodology we used in the studies presented here to code recovery steps as belonging to either the detection, the explanation, or countermeasures phase, and as being planned or unplanned from an organizational point of view, proved to work well in the studies presented here as well as in a number of other studies both in the medical domain and chemical industry (Van Vuuren & Kanse, 2003; Kanse, 2004). With a larger sample of near misses than those obtained in our two studies it may be worthwhile to use a more detailed classification, enabling a more in-depth exploration of the various process steps.

Data thus collected can be used as a basis for the development of realistic problem scenarios to be used in training, specifically focusing on maintaining or even increasing people’s recovery abilities. Even without using it for training purposes, sharing information via the reporting system between employees about successful and less successful recovery strategies will also contribute to organizational learning. The data may point to necessary changes in procedures or in technical installations and equipment, to better support recovery steps.

After implementing such training or other changes, organizations can also use the recovery information recorded in the near miss reporting system to evaluate whether their performance with regard to recovery has improved, that is, if their recovery processes have become more successful. Several indicators can be used to measure the success of a recovery process (e.g. Kanse, 2004). One indicator is what consequences remain after all the recovery steps have been taken – more successful outcomes involve as few negative remaining consequences as possible. The remaining consequences in the near misses in our two datasets, for example, varied from no negative consequences at all, to waste or production or quality loss, delays, damage, or health effects. One may also want to take into account what the potential consequences were that were avoided as a result of the recovery process, both with regard to type and severity level. Another aspect worth considering is the resources (e.g. man hours and money) spent on recovery. It may be acceptable to spend more resources on avoiding very severe potential consequences than on cases where only minor consequences can result from doing nothing. In addition, one may want to include how widespread the effects have been before the recovery was complete, and how many recovery opportunities had been missed or failed before eventually a successful recovery attempt was made. To a certain extent, the resources spent, the affected area, and the missed recovery opportunities could even be incorporated into the remaining consequences, as specific types of remaining consequences. For each specific type of remaining consequence, with the assistance of domain experts several categories can be distinguished, corresponding with amount, size, or level of severity. Weights can be assigned to these categories from low to high. These weights can be summed across all applicable types of remaining consequences per near miss and the result subtracted from a potential consequence score obtained in a similar manner. Larger results thus obtained indicate more successful recovery processes. By averaging a recovery process success score over all the reported incidents an overall recovery performance measure can be obtained.

Taking the above into consideration, organizations can develop their own, tailor-made recovery performance measure, to help them determine if they are improving their recovery processes. A recovery performance measure would also add a positive measure to the list of safety performance measures that generally only count negative events. 
The suggestions given above can also be used by other organizations looking to improve their recovery abilities than the organizations where we collected our data. They can assess the applicability of the more specific recommendations by comparing their organizational characteristics and current approach to recovery with those from the organizations involved in our studies. The more general recommendations regarding recovery data collection, how to use this data, and recovery performance measurement apply anywhere. 
We hope that with this contribution, we have added to the available insights into recovery processes and clarified some of the differences in approaches towards recovery in different domains. We also hope to have encouraged researchers and practitioners to start focusing on recovery as a more positive alternative to strictly prevention-based safety and reliability management methods.
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